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INTRODUCTION  

Intracranial hemorrhage occurs following aneurysm surgery, usually within or adjacent to
the site of the initial operative field, but sometimes it happens apart from the craniotomy
site. In most instances, a certain causative factor is present or at least, can be assumed2,8). As
an established strategy against vasospasm following aneurysmal subarachnoid hemorrhage
(SAH), both hyperdynamic therapy and pharmacological endovascular reversal have been
currently utilized. However, they may cause a potential risk of intracranial bleeding7). Once
occurred, this post-treatment hemorrhage should be seriously managed to avoid consequent
morbidity and mortality9,11). We report a case of contralateral intraparenchymal hemorrhage
(IPH) following endovascular reversal with nimodipine injection and aggressive hyperdynamic
therapy in a patient who suffered from cerebral vasospasm after unremarkable aneurysmal
clipping. 

CASE REPORT 

A 47-year-old, previously healthy man presented
with a Hunt-Hess grade III SAH from a ruptured
saccular aneurysm of the right middle cerebral artery
(MCA), (Fig. 1). After uneventful aneurysmal clipping,
the patient was able to respond to verbal commands
well with full movements of all extremities. Usual
prophylactic anti-spastic regimens including systemic
nimodipine and crystalloid infusion were provided.
Femoral catheter angiograms on postoperative day
3 did not show any residual aneurysm, vasospasm
or vascular anomalies elsewhere in the brain (Fig. 2). 

On postoperative day 14, it was noted that the
patient became obtunded and left hemiparetic (Grade
3/Grade 4), but a brain computed tomography (CT)
scan revealed no pathologic findings within the brain.
Subsequent catheter angiograms showed a moderate

Post-clipping intraparenchymal hemorrhage of the contralateral hemisphere is a very unusual phenomenon in
a patient with aneurysmal subarachnoid hemorrhage, unless there is an underlying condition. We report a
complicated case of 47-year-old man, who underwent uneventful clipping of ruptured aneurysm and experienced
vasospasm two weeks later. Vasospasm was treated by intra-arterial nimodipine and systemic hyperdynamic
therapy. One week thereafter, he became unconscious due to intraparenchymal hemorrhage on the anterior
border-zone of contalateral hemisphere, but intraoperative and pathologic findings failed to disclose any
vascular anomaly. We suggest that the anti-spastic regimens cause local hemodynamic redistribution through
the vasodilatory effect and in turn, resulted in such an unexpected bleeding.

KEY WORDS : Border-zone∙Cerebral aneurysm∙Hyperdynamic therapy∙Intraparenchymal hemorrhage
(Intra-arterial) Nimodipine injection∙Vasospasm.

10.3340/jkns.2008.43.3.162

Fig. 1. Non-enhanced axial computed
tomogram shows diffuse subarachnoid
hemorrhage, with slightly thicker hemorrhage
on the right Sylvian fissure.
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vasospasm at the
right proximal MCA
(M1) segment, and
5 mg of nimodipine
was slowly injected
via the arterial route.
Meanwhile, there
was no significant
hemodynamic cha-
nge, and vasospasm
was consequently
resolved (Fig. 3).
During the inten-
sive care unit (ICU)
stay, a hyperdynamic
therapy constituting

4 L/day of intravascular fluid, and induced-hypertension
with dopamine and dobutamine were provided. The patient
gradually regained motor power up to the baseline level.
Transcranial Doppler ultrasonography was performed twice,

first and fourth day of ICU stay, but
the velocity was normal and flow was
bilaterally symmetric. 

On postoperative Day 21, 7th day
in the ICU, he became unresponsive
and brain CT scan showed an IPH on
the contralateral frontal lobe (Fig. 4).
Because there was no culprit evidence
of this unusual intracranial bleeding
in prior imaging studies, additional
radio-contrast agent was not used.
Moreover, his blood pressure did not
exceed 180 mmHg during his ICU
stay and laboratory results indicated
that all hematologic and coagulation
profiles were within normal range. We
rushed the patient into the operating
room for decompression. Throughout
the operative procedure, any vascular
anomaly or unexpected situation was
not encountered, and pathologic exam-
ination also verified only organizing
hematoma. He is now fully awakened
but still has some degrees of abulia,
dysphasia and moderate motor weak-
ness on the right side after ventriculo-
peritoneal shunting for hydrocephalus. 

DISCUSSION   

Post-craniotomy IPH remote from the operative site might
result from sustained hypertension, iatrogenic trauma,
abnormal blood coagulation, and occult vascular malfor-
mation8). Additionally, brain shift due to excessive drainage
of the cerebrospinal fluid or cerebral circulatory dysfunction,
diaschisis can also result in a certain type of hemorrhage
such as in the cerebellum or in the distant hemisphere4,6).
In the present case, there was no pertinent cause explaining
IPH in the contralateral hemisphere on the basis of clinical
data, laboratory results and radiographic images. There was
also no any traumatic episode. This situation made us believe
that a hemodynamically induced perfusion abnormality
might play a critical role in inducing an unusual bleeding.
Although we did not obtain real-time perfusion images
such as perfusion CT scan or single photon emission CT
and contralateral carotid angiography at that time, location
of the hemorrhage was approximately anterior border-zone
between anterior and middle cerebral arteries. This fact
prompted us the possibility of  vasospasm on the opposite
carotid artery and subsequent vasodilation and resulting
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Fig. 2. Transfemoral catheter arteriograms of both carotid arteries on postoperative day 3 show no
residual aneurysmal sac, vasospasm (A), or vascular anomalies (B).

A B

Fig. 3. Transfemoral catheter arteriograms on postoperative day 14 show a moderate vasospasm
on the right proximal middle cerebral artery and proximal carotid artery (A). Note the resolution of
vasospam following intra-arterial nimodipine injection and prominent flow through the posterior
comminicating artery channel (B). 

Fig. 4. Brain computed tomographic scan on
postoperative day 21 shows a wedge-shaped
intraparenchymal hemorrhage on the left
anterior border-zone with mass effect. 
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reperfusion injury. 
Cerebral vasospasm or delayed ischemic neurologic deficit

causes high rate of morbidity and mortality, although estab-
lished strategies are present3,5,7). Patients suffering severe
vasospasm have a higher risk for subsequent IPH develop-
ment10). Hyperdynamic therapy, also known as triple-H
therapy, or anti-spastic regimen in popular use, is not without
risk and requires intensive cardio-pulmonary surveillance
for detecting systemic as well as intracranial complications.
Hypertensive episodes following aneurysmal SAH must carry
a definite risk of intracranial bleeding event and therefore,
induced-hypertension should be conducted on an individual
basis1,9-11). Careful hemodynamic monitoring during the
ICU management is, thus of utmost importance to prevent
complications and guarantee successful anti-spastic treatment.

Endovascular techniques have been advocated for the
refractory cerebral vasospasm. Intra-arterial pharmaceutical
injection is simple, and can be done repetitively on diffuse
spasm in addition to acting on distal cerebral vessels,
irrespective of drugs utilized. Although many investigators
advocated immediate effectiveness and safety of nimodipine
infusion, its beneficial effect is not permanent, lasting no
more than 24 hours, and long-term efficacy and safety,
especially combined with hyperdynamic therapy have not
been thoroughly assessed3,5). In the current case, we are not
sure that intra-arterial nimodipine exerted on such a delayed
bleeding if we consider its short action time, although
vasodilatory effect could extend to the opposite carotid
artery through the anterior communicating artery.

To avoid this kind of adverse effect, angiogram of the
contralateral side should be obtained when there is diffuse
SAH on admission, and bedside monitoring should be
performed to follow up cerebral perfusion on daily base.
This strategy of consecutive monitoring is very crucial even
when there is no evidence of impending ischemia or no
clue of vasospasm on the opposite hemisphere, particularly
in patients with sustained vasospasm.

CONCLUSION 

We suggest that local hemodynamic redistribution
following injection of intra-arterial nimodipine and vigorous
hyperdynamic therapy results in increased cerebral perfusion
and eventual IPH in the vicinity of the impaired cerebral
autoregulation, susceptible border-zone. A careful, individ-
ualized approach is mandatory to avoid such complications
of combined treatment of hyperdynamic therapy and
endovascular treatment against vasospasm.
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